Micro and Nano-satellites with their low thermal capacitance are vulnerable to rapid temperature fluctuations. Therefore, thermal control becomes more important, but the limitations on mass and electrical power require new approaches. Possible solutions to actively vary the heat rejection of the satellite in response to variations in the thermal load and environmental condition are the use of a variable emissivity surfaces (VES), such as thermochromic, electrochromic, micro louvers and thermal switches, etc. Micro louvers with small volume, low weight, less power consumption and large emissivity variation, will be the more suitable solution for micro and Nano-satellites. In this paper, a polymer micro louver is developed. The design and fabrication of a prototype of micro louvers are described. The actuation voltage of the micro louver's analytic model is also discussed. Finally, the experimental results for the actuation voltage and emissivity variations that measured on these prototypes are presented.
Introduction
All spacecrafts and the instruments they support require an effective thermal control mechanism in order to operate as design and achieve their expected lifetimes. The traditional approaches to spacecraft thermal control involves large radiators connected to the spacecraft by heat pipes, large and bulky thermostat controlled louver structures and power hungry heaters [1] . These approaches are not effective for small satellites below 20 kg, socalled micro and nano-satellites [2] . Micro satellites with much shorter design cycles and fewer resources, volume, and surface, require an active approach. Commonly used active methods such as electric heaters, heat pipes or mechanical louvers incur additional electric power requirements, weight, and bulkiness to the system. New, more flexible approaches are desired to address these issues. One solution is using micro louvers to actively adjust the exposed area of high emissivity radiator to the space. The micro louver's small size and low weight made them can be attached to the radiator as a variable emissivity surface and do not add substantial weight or bulk to the spacecraft.
Micro louver design and analysis
Micro louvers are similar in design to traditional macroscopic louvers in that they can be opened or closed to expose an underlying high emissivity radiator. Several different designs have been investigated and analyzed [3] . The simplest design is a torsional louver that can be opened to a vertical position to expose an area of the high emissivity substrate to space; the configuration and operational principle are show in Figure 1 . The device's configuration is a "sandwich" structure and composed of substrate with high emissivity surface, insulated support and micro louvers coated with 100 nm aluminum as a low emissivity film. When a sufficient voltage is applied between the substrate and the louvers, the micro louvers rotate to the open position via electrostatic force, heat will be radiated into space; when actuation voltage is insufficient, the louvers will turn back to initial position via torsion hinge's restoration force and radiate few of heat to space. Where G is the torsion constant, E is the spring constant, w b , l b and t b are the width, length and thickness of the torsion hinge; w m and lm are the width and length of micro louver, D is the initial distance between louver and substrate, is the angle between louver and substrate, y is the maximum vertical displacement of the torsion hinge, is the permittivity. The base material for the micro louvers and support structures is polyimide, for substrate is aluminium. In this design, the dimensions of the micro louvers are shown as table 1. According to the functions, when louver dimensions are designed as shown in table 1, the actuation voltage relative to rotation angle for an individual louver is plotted in Figure 3 . 
Fabrication and results
A micro louvers prototype was fabricated as shown in figure 4 . A 25 m carbon doped polyimide film was first stuck onto the aluminum substrate to form a high infrared emissivity layer and insulator between the substrate and louver. A 500 m layer of polyimide was then stuck and patterned to form openings where the supports for the suspended membrane would be located. Next, a 13 m polyimide layer whose surfaces coated with 0.2 m depositional aluminum was stuck onto the support structure, and in this step, the depositional aluminum was used as electrode and low infrared emissive layer. The final step was utilizing ultraviolet laser micro machining process to form micro louver arrays. the total size of the devices is 40mm 40mm 0.7mm with 25 15 arrays. The micro louvers operational effect is shown in figure 5 . The left panel shows the micro louvers is in OFF state and the right is in ON state. At the voltage of 628 volts some louvers are pulled in, when the voltage is increased to 1000 volts, all the louvers are pulled in. We have checked the dimensions of louvers and found that the width of the torsion hinge increased while the power of the laser decreased, therefore, the test results of some louvers which with designed dimensions are consistent with theoretical analysis results. Further, the emissivity variation is tested utilize AE radiometer at room temperature and the test results shows that the micro louver's emissivity variation is from 0.10 to 0.67. 
Conclusion
Micro louver, which is a various emissivity surfaces has been designed and fabricated. The electromechanical performance of these devices is consistent with theoretical analysis results. Future efforts will focus on decreasing actuation voltage and increasing emissivity variation.
